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I .  INTRODUCTION 


With  measurements  taken  directly  from  flash  radiographs  of  shaped- 
charge  jets  before  and  after  breakup,  quantitative  information 
describing  particulated  jet  characteristics  can  be  derived.  The 
measurements  are  used  to  calculate  such  properties  as  particle  length, 
diameter,  velocity,  mass  and  break-up  time.  It  is,  however,  a  very 
tedious  and  time  consuming  operation  to  take  the  measurements  by 
hand  and  subsequently  perform  the  calculations  at  one's  desk.  To 
alleviate  much  of  this  work,  a  method  using  digitizing  equipment  and 
a  computer  program  has  been  developed  and  is  the  subject  of  this  report. 
This  method  has  proven  to  be  very  useful,  especially  in  projects 
involving  many  rounds  and  requiring  short  turn-around  time  for 
measurements  and  computations.1*2  The  equations  used  in  the  computations 
will  be  discussed  in  the  next  section.  Appendices  for  film  reading 
procedures  and  for  the  computer  program  operation  are  included. 


II.  COMPUTATIONS  AND  EQUATIONS 

The  program  was  designed  to  calculate  as  many  quantities  as 
possible  with  the  data  extracted  from  radiographs.  This  includes 
individual  particlesas  well  as  the  whole  jet  measurements.  Since 
this  report  is  intended  as  a  user's  guide,  the  calculations  will 
be  described  briefly.  All  computations  are  tabulated  in  the  outtmt 
with  proper  headings.  A  typical  output  is  shown  in  Appendix  E . 


All  radiographs  contain  slightly  magnified  images  of  the  particles 
of  a  shaped-charge  jet.  The  positions  of  the  particles  are  likewise 
altered  from  their  true  positions  relative  to  the  base  of  the  shaped- 
charge  liner.  This  difference  is  taken  into  account  by  the 
magnification  factor,  M,  which  is  determined  by  the  ratio  of  the 
distance,  a,  from  the  face  of  the  x-ray  tube  to  the  jet  path,  to  the 
distance,  b,  from  the  tube  face  to  the  film,  as  depicted  in  Figure  1. 
Thus,  M  =  a/b.  This  factor  is  used  in  determining  particle  lengths, 
diameters,  and  positions.  To  calculate  lengths  and  diameters,  the 
measurements  taken  from  the  particle  images  on  film  are  simply 
multiplied  by  the  magnification  factor. 

To  calculate  change  in  position  the  magnification  factor  is  used 
in  the  determination  of  a  particle's  true  position  during  a  given 
flash.  Two  cases  must  be  considered  regarding  the  film  location  in 

LR.  L.  Jameson ,  and  H.  J.  Blische ,  "A  Study  of  a  Light  Anti-tank 
Weapon,  "  report  in  preparation. 

2Z).  Dorfman ,  and  S.  K.  Golaski ,  "Electro  Formed  Shaped  Charge  Liner 
Evaluation, "  report  in  preparation.  Martin  Marietta  Corp. 

Contract  ti-DAAK  11-77-0088. 
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the  determination  of  position.  Refer  to  Figure  1  for  the  locations 
of  the  terras  involved.  Note  that  on  all  films  the  distance,  p,  from 
the  fiducial  to  the  particle  is  positive  below  the  fiducial  and 
negative  above. 

Case  I:  Film  numbers  1  and  2. 


s  =  F  -  [(f-p)  M  ]  . 

where  s  is  the  true  position,  F  is  the  distance  from  the  shaped- 
charge  liner  base  to  the  x-ray  tube  focal  level,  f  is  the  location 
of  the  y  fiducial  relative  to  the  focal  level,  p  is  the  point  on 
the  particle  measured  from  f,  and  M  is  the  magnification  factor. 

Case  II:  Film  numbers  3  and  4 


s  =  F  +  [(f+p)  M  ]  • 

Once  the  positions  have  been  determined  for  all  flashes,  velocity  is 
calculated  by 


v 
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where  s,  -  s  is  the  distance  of  jet  travel  between  the  earlier  (a)  and 
b  a 

later  (b)  flashes,  and  T  -  T  is  the  change  in  time  between  the 
flashes.  a 


Break-up  time  is  determined  by  the  equation  developed  by  Simon . 

n 

Et. 

1 

K  =  1=1 


V,  -V 
1  n 


where  JL  is  the  individual  particle  length,  v^,  is  the  velocity  of  the 
first  particle  and  v^  is  the  velocity  of  the  nth  particle. 


V.  Simony  "The  Effect  of  Explosive  Detonation  Characteristics  on 
Shaped  Charge  Performance "  BRL  Memorandum  Report  2414  (1974). 

(AD  DB000327L) . 


ft 


Figure  1.  Typical  Flash  X-ray  Set-Up  Showing  Relative  Positions 
of  the  Apparatus 


Mass  calculations  involve  the  equation  for  the  volume  of 
a  truncated  cone.  As  described  in  Appendix  A,  points  located  around 
the  film  image  of  a  particle  outline  a  pair  of  trapezoids.  This  is  also 
shown  in  Figure  2.  The  program  interprets  the  coordinates  of  the 
points  as  measurements  for  truncated  cones  and  applies  the  equation 
for  mass,  m,  where 


*  ■  p  J  IV*!2*  *!V  R22)  *  «2tR22*  R2  V  “S2-1  I  • 

Here,  p  is  the  density  of  the  shaped-charge  liner  material,  H  and  H? 
are  the  heights  of  the  truncated  cones,  and  R  ,  and  are1 the  raaii. 

1  2 

Momentum  (mv)  and  kinetic  energy  (j  mv  )  are  finally  calculated 
using  velocity  and  mass  previously  computed. 

The  virtual  origin  of  the  shaped-charge  jet  is  found  by  fitting 
a  least-squares  line  through  the  particle  velocity/particle  position 
data  for  each  flash.  Theoretically,  the  position  of  the  virtual  origin 
corresponds  to  a  particle  velocity  of  zero.4 

Tabulations  of  the  above  mentioned  quantities  are  performed  and 
listed  in  the  output  as  averages.  However,  for  the  purpose  of 
trouble-shooting,  and  to  gain  insight  into  the  accuracy  of  the 
average  computed  quantities,  velocities  between  the  flashes  and 
masses  for  each  flash  are  also  listed. 


4/?.  DiPersio ,  J.  Simon  and  A.  B.  Merendino}  "Penetration  of  Sna;cd- 
Charge  Jets  Into  Metallia  Targets, "  BRL  Report  1296  (1966), 


(AD  #476717). 
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III.  SUMMARY 


As  indicated  earlier,  this  method  quickly  yields  valuable  i n 1< . r - 
mation  necessary  for  the  evaluation  of  shaped  charge  designs.  A  large 
number  of  radiographs  can  be  data  reduced  in  a  few  days,  whereas 
the  same  number  would  take  months  if  reduced  by  hand.  This  has  tie 
advantage  of  giving  the  shaped  charge  investigator  more  flexibility 
by  allowing  more  time  to  assess  designs  and  make  decisions. 

For  accuracy  considerations,  comparisons  of  some  measurements  ware 
made  with  other  findings,  and  an  error  estimate  of  one  measurement 
was  performed.  Velocity,  length,  diameter  and  break-up  time  calcula¬ 
tions  for  the  round  in  Appendix  E  were  compared  to  data  of  several 
similar  rounds  as  reported  by  Majerus5.  The  quantities  in  Appendix  E 
were  found  to  be  within  the  range  of  Majerus'  data.  There  is  a  problem, 
however,  with  particle  mass  calculations.  An  error  estimate  for  the 
mass  of  a  selected  particle  revealed  that  the  measurement  could  be 
incorrect  by  approximately  60%.  Several  factors  are  involved  in  this 
large  error  including  magnification  measurements,  digitizing  equipment 
accuracy,  image  clarity  and  coordinate  point  locations.  Referring 
back  to  Figure  2,  note  that  the  group  of  points  surrounding 
the  particle  does  not  represent  a  contour  mapping  of  the  particle 
shape  but  approximates  two  truncated  cone  geometries.  This  is  where 
the  largest  part  of  the  error  occurs.  Ideally,  a  much  larger  number 
of  digitized  points  would  give  a  better  approximation  of  shape,  but 
the  equipment  currently  in  use  limits  the  number  to  six.  One  solution 
would  be  the  use  of  a  digitizer  with  a  rapid  and  continuous  mode  point 
reader  connected  to  a  tape  or  disc  data  storage  device.  This  would 
enable  the  operator  to  trace  the  image  of  a  particle  and  produce 
a  closer  geometric  approximation.  The  computer  program  could  subsequent  1 
be  modified  to  compute  mass  more  accurately. 


.  N.  Ma.ierun ,  "A  Model  for 
Fankager,  Upon  Shaped  Charge 
(1076).  (ADHBP15299L) . 


Studying  the  Tuflu,  nee  of 
Warhead  Performance,  "  P!-.J 
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APPENDIX  A 

PROCEDURES  FOR  PREPARING  AND  READING  RADIOGRAPHS 


The  standard  BRL  flash  radiographic  test  site  contains  holders 
for  film  cassettes,  each  cassette  containing  either  three  or  four  films. 
As  a  rule  the  films  bear  the  flash  number  and  the  film  number. 

After  developing  the  films,  they  are  arranged  according  to 
their  positions  in  the  cassettes.  The  jet  particles  are  then  numbered 
starting  with  the  jet  tip  and  working  back,  with  each  particle  having 
the  same  designated  number  for  every  flash. 

Once  the  particles  are  identified,  a  set  of  six  points,  outlining 
a  pair  of  trapezoids,  is  obtained  for  each  particle.  When 
measurements  are  taken  of  these  points,  the  configuration  will  be 
interpreted  as  a  pair  of  truncated  cones  in  order  to  calculate  mass. 
Figure  A-l  describes  the  preparation  of  the  jet  particle  images. 

The  film  reading  machine  that  is  presently  used  for  this 
procedure  is  the  Data  Reducer  099,  manufactured  by  the  Telecomputing 
Corp.  Signals  are  sent  from  the  099  to  a  digitizer,  developed  for 
BRL  by  Mr.  Donald  F.  Merritt.  The  digitizer  then  transmitts  this 
information,  in  the  form  of  data  units  per  inch,  to  a  MAI  Equipment 
Corp.  523  Gang  Summary  Unit  which  punches  the  data  onto  computer 
cards . 

The  following  procedures  will  enable  the  user  to  operate  the 
film  reading  equipment: 

1.  Insert  the  wired  circuit  board  labled  "JET",  label  down, 
into  the  connection  frame  of  the  Gang  Summary  Unit. 

2.  Load  the  Gang  Summary  Unit  feeder  with  blank  computer 
cards. 

3.  Turn  all  three  machines  on,  in  any  order. 

4.  Beginning  with  the  first  flash,  place  the  film  containing 
the  jet  tip  onto  the  lighted  reading  surface  of  the  099.  Arrange  the 
film  so  that  the  jet  is  aligned  horizontally  on  the  lighted  surface. 

The  horizontal  fiducial  should  run  parallel  to  a  line  marked  across  the 
lighted  surface  as  indicated  in  Figure  2.  This  is  the  x-direction. 

The  vertical  fiducial  will  indicate  the  y  -  direction. 

5.  By  adjusting  the  large  wheels  located  on  either  side  of 
the  console,  place  the  cursor  cross-hairs  on  the  intersection  of  the 
x  and  y  fiducials  and  press  the  button  marked  "<J>"  on  the  right  of 
the  console.  This  will  assign  (0,0)  to  the  x/y  intersection. 

6.  Located  at  the  bottom-center  of  the  digitizer  console  is 
a  set  of  twelve  registers  with  star-wheel  adjustments.  Reading  from 
left  to  right,  enter  the  round  number  in  the  first  five  registers, 
film  number  in  the  seventh  and  flash  number  in  the  eleventh. 
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7.  The  frame  count  windows  in  the  center  of  the  digitizer 
console  should  read  zero  in  all  units.  If  not,  press  the  reset 
buttons  until  all  units  are  zeroed. 

8.  Position  the  other  switches  and  registers  on  the  digitizer 
console  as  indicated  in  Table  A-l. 

9.  With  the  cursor  at  (0,0),  press  the  foot  switch  repeatedly 
until  the  number  "l"  appears  in  the  frame  count  window.  This  will 
zero-out  the  memory  in  the  card  punch  machine. 

10.  To  read  a  particle  place  the  cursor  on  each  point,  beginning 
with  p^  (Figure  A-l),  and  press  the  foot  switch  for  reading  at 

each  point.  Repeat  this  step  for  every  particle  on  the  film. 

Table  A-l.  Positions  of  Switches  and  Other  Adjustments  on  the 

Electronic  Digitizer 


SWITCH 


POSITION 


Multiplier  (x  and  y) 
Direction  (x) 
Direction  (y) 
Normal/Test  (x) 
Normal/Test  (y) 
Printer  (paper  tape) 
Punch 

Skip/Print  Constants 
Frame  Count  Advance 
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Down 

Down 

Normal 

Normal 

User's  choice 
on 

Print  (on) 
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11.  Repeat  steps  4  through  10  for  each  film. 

12.  Change  registers  seven,  film  number,  and  eleven,  flash 
number,  when  the  film  is  changed. 

13.  After  the  particles  are  read  for  all  flashes, sort  the  cards 
out  by  "reading  the  holes"  in  columns  77  through  80,  and  remove 

only  the  card  for  each  particle  that  has  punched  holes  for  a  "+" 
character  over  column  76.  This  will  be  the  sixth  (last)  card  for  the 
particle . 


14 
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APPENDIX  B 
INPUT  TO  THE  PROGRAM 
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Card 


Card 


Card 


Card 
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1: 

Columns  1-5:  ICASES  -  Number  of  rounds  to  be  run. 

6-10:  LCL  -  Option  for  printing  out  the  shaped-charge 

liner  density.  Enter  1  if  print  out  is  not 
desired.  Otherwise,  leave  blank. 

2:  Case  Identifier  and  some  constants. 


Columns  1-5: 

6-10: 

11-15: 

16-20 

21-30: 

31-40: 

41-50: 

51-60: 

61-70: 

71-80: 


NROUND  -  Round  Number 

NPART  -  Number  of  jet  particles 

NFLASH  -  Number  of  flashes 

RHO  -  Shaped-charge  liner  density 

XMAG1  -  Magnification  factor  for  first  flash 

XMAG2  -  Magnification  factor  for  second  flash 

XMAG3  -  Magnification  factor  for  third  flash 

Flash  1  -  Delay  time  for  first  flash 

Flash  2  -  Delay  time  for  second  flash 

Flash  3  -  Delay  time  for  third  flash. 


3:  More  constants. 


Columns  1-10:  FOCUS  1  -  Distance  from  the  shaped-charge  liner 
base  to  the  focal  level  of  the  first  x-ray  tube. 

11-20:  FOCUS  2  -  Distance  from  the  shaped-charge  liner 
base  to  the  focal  level  of  the  second  x-ray  tube. 

21-30:  FOCUS  3  -  Distance  from  the  shaped-charge  liner 
base  to  the  focal  level  of  the  third  x-ray  tube. 


31-40: 

F1A 

Distances  of  film 

ttytt 

fiducials  to  the 

41-50: 

F2A 

J  focal  level  of  Flash  A.  Digit  is  film 

51-60: 

F3A 

|  number  and  letter 

(A, 

B  or  C)  is  flash 

61-70 

F4A 

1  This  also  applies 

for 

Card  4  constants 

4:  More  constants  for  fiducial  measurements. 

Columns  1-10:  FIB 

11-20:  F2B 
21-30:  F3B 
31-40:  F4B 
41-50:  F1C 
51-60:  F2C 
61-70:  F3C 
71-80:  F4C 
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Card  5:  First  particle  card.  All  particle  cards  are  identical 
in  format,  x  and  y  coordinates  are  data  units/ inch  in 
integer  form. 

Columns  1-5:  IX(1)  -  x  coordinate  of  p1 

6-10:  IY(1)  -  y  coordinate  of  p1 
11-15:  IX(2)  -  x  coordinate  of  p^ 

16-20:  IY(2)  -  y  coordinate  of  p^ 

21-25:  IX(3)  -  x  coordinate  of  p^ 

26-30:  IY(3)  -  y  coordinate  of  p^ 

31-35:  IX(4)  -  x  coordinate  of  p^ 

36-40:  IY(4)  -  y  coordinate  of  p4 
41-45:  IX(5)  -  x  coordinate  of  p5 
46-50:  IY(5)  -  y  coordinate  of  p^ 

51-55:  IX(6)  -  x  coordinate  of  p& 

56-60:  IY(6)  -  y  coordinate  of  p6 

65:  L  -  Flash  number  (1,2  or  3) 

70:  IFILM  -  Film  number 
71-75:  I ROUND  -  Round  number 
77-80:  IPART  -  Particle  number 


20 


appendix  c 


PROGRAM  LISTING 


The  program  is  written  in  FORTRAN  IV  and  is  currently  on  file 
in  the  BRL  Control  Data  Corporation's  CYBER  170/7600  system. 


1 

PODGPXM  MX  IN (INPUT, OUTPUT. TXP£5» INPUT .TXPCtxOUTPUT) 

t-AlN 

? 

01  MESS  ION  SI  (1001  ,S2(100)  •S3I100)  .VOL (100)  .XL  1100)  .01*1  1001  * 

MA  IK 

3 

1VI  ( 100) ,V2( 1061  «V3(  100)  .VELdUOl  .XMXSSdOO)  .XFCdOO).SUMKE(lOO)  . 

MAIN 

4* 

if LOt (1001 .XXL (1 00) .SUML ( 100) • IX (6) , IT (SI .ZX(X) .7VIM , 

ma  ;n 

5 

K 

3rtOf»K  ( 1001  .SUMMXSI 1001  .6  11 0000 1  .0X0)  .08  (3)  ,  XMXG  ( ?  > 

MA(K 

h 

OIMENSION  XX (2. 3) ,CC(2) .PPISOO) ,XF (SOO) .SIS  12) .TT12) 

CO(-Mfl 

i 

DIMENSION  SXI101.se (10)  ,SC( 10)  .SO  (101  •  SE <  10l  .SFdOl  .SL1  not  . 

MA  IK 

7 

1SL 2(10). Sl3(10).ST(10).L1<1001.L2(100).L3 (100) 

MAIN 

* 

OIMENSION  P ( 1 00 ) .TOTP(IOO) .SUMOIXI 100) .SUMLEM  100) .XOI*( 100) .D£lv ( 

MAIN 

9 

10 

11001  .SDCLV 1100) .SUMO EL  11001 

MAJK 

10 

DIMENSION  X VOL (3.100) 

WAIN 

11 

DIMENSION  XZ(IOO.IOO) 

COPPm 

1 

DXTX  SX  ( 1 1  .SX(2I  .SXOI/IONVILOCITV  ( tlOMMM/MlCNOSI  *3mC)  >/ 

MAIN 

12 

OXTX  SB(l) .S8I2) .SB(3)/10HCUMULXTIvE.10H  MXSS  (OOX.xmmS) »/ 

MA]K 

13 

H 

OXTX  SC ( 1 1 • SC (2) .SC ( 3) .SC  lx) /10MP0S I T ION  X.IOmlONG  JET  l.IOhFNuTm 

PAIN 

14 

1 (MM) . 1h>/ 

MAIN 

15 

OXTX  $0(1) .30(2) .50(31/10 MCUMULXTIVC .10M  ».£,  ( jd'.SMLES) */ 

MAIN 

16 

OXTX  SC d ) .SC (2) .SE 13 ) • SE (x ) / 1 OMD ISTXNCl  F.IOMMOM  ChXPQI.IOh  bxSL 

MAIN 

1  7 

1 (“Ml . 1H>/ 

►  A  IK 

l» 

?n 

oxtx  ssdi.se (2).sr(3)/iOM8MEx*-ux  T.iOMiMi  (Mieor.sMSEC)»/ 

MAIN 

19 

OXTX  SL1 d ) /OHPLXSM  1>/ 

MAIN 

20 

DXTX  SL2 ( l ) /SMf LXSM  2>/ 

MAIN 

21 

DXTX  SL3(1I/8NFLXSM  3>/ 

MAIN 

22 

i  roBMXTois.rs.z.xEio.si 

M  A  JN 

23 

?* 

2  FOPMXT(TFlO.S) 

MA  IK 

24 

6  FOOMXT(PFlo.S) 

MAIN 

25 

21  F0PNXTI2I5) 

MAIN 

?f 

JO  FOPMXT (12IS.2x.Il.2X.3IS) 

MAIN 

27 

mExD(5.21)  ICXSES.LCL 

MA  I  N 

2* 

30 

IF (EOF (5) )  23.23 

MAIN 

29 

23  DO  500  I J«1 • ICXSFS 

MA  JN 

30 

22  PFXO(S.  1  INMOUNn.NPXHT.NFLASM.PHO.  (1MXG(  I)  .I»1.3I.FL4SH1  .FLA$>-2. 

ma  IK 

31 

1 FlaSmJ 

MAIN 

32 

IF ( f  OF (51)  2X.2* 

MAIN 

33 

**5 

2*  ENCODE (21 ,20.ST( 1 ) )  NPOUNO 

MA  IN 

3* 

20  FormxT ( iOmpounD  nums.mnER  .15. 2H  >) 

MA  IK 

35 

-E»0 (S.2)  F0CUS1.F0CUS2.F0CUS3.F1X.F2X.F3A.F4A 

MA  JK 

36 

IF (EOF (5)1  25. 2S 

MA  I  K 

37 

25  FfddlS.dt  F1B.F2S.F3B.FXP.F1C.F2CF3C.F4C 

*A  IK 

3  fl 

40 

IF (ECF (5) )  26.26 

MAIN 

39 

26  HO.mmO 

MAIN 

40 

IFaCL.NE.l)  GO  TO  29 

m  A  I  N 

*1 

BMO«0 . 

MA  IK 

42 

C 

MA  JK 

4  3 

4«5 

C  AOliNC  INFOMMATICN  CAHO  NFAT 

m  a  ;  k 

*4  *x 

29  POINT  5 

m  A  I  K 

45 

MM  I  NT  3,  NOOUNn.PMU. (XMAS(N) ,N«1,3) .F OCUS 1 . F0CUS2 . f 0CUS3 . Ft  A SM l .Fl 

MAIN 

4* 

IASH2.FLASH3 

*•  a  ;  */ 

4  7 

3  FC'PMAT  (Z////.20X. 'POUND  NUMBER  '  .  IS./  /  .20X.  • LINES  OE  NS  I  TY(  L-M  /  CC  1  - 

MA  !»• 

4  FX 

*0 

1  '.F4.1,/,?OX,.MXONIFICATION  FACTOR-' *3F 9.5. /.20X* 'DISTANCE  f-um  l 

M  A  I  K 

4  W 

?I'EM  BASE  TO  FOCAL  POINT(MM)  .,/,25X. 'FLASH  1-  '  ,FE  .  U/.25A. 'FLASH 

m  a  ;k 

5  a 

32-  '.F6.1./.25X. 'Flash  3-  • .F6. 1 ./.20X. 'DEL  AT  T  IMF  S  (MIChuSE C ) • ./ , 

MAIN 

5  1 

»2x*. 'Flash  i-  ..fx.i./.ssa. 'flash  2-  '.fs.i,/,2sx,'Fl*sm  3-  '.fh.i 

►  A  IN 

52 

6) 

*A  I  K 

K  3 

Smo«MO 

-A  IK 

4  <4 

point  S 

V  A  T  K 

5  FOOMAT (  [M)  ; 

m  ;  n 

4p, 

24 


! 


PBJNT  4 

MAIN 

•-  7 

4 

FORMAT  (2U«  ‘PARTICLE  AV(i.  VELOCITY  TOTAL  JET  ttPEAK-uR* 

•  / * 2  COPRA 

c 

12X,'MJHBEm,**,i  Ihh/.ICHOSECI  ' .3X. •lENGTH(HH)  •  • 3X ,<( HI  CHOSE C 1 

*/)  CORRA 

3 

01.3.1*15* 

MAIN 

NO 

00  150  1*1  .NFLA5H 

MAIN 

M 

OO  1*9  J.l.NPXWT 

MAIN 

hi 

HF«0<5.30)(IX<K>,IT<KI.K.1,6) *L. I F 1 LH  * IPOGNO • I  P*mT 

MAIN 

h  3 

IFtEGftSli  32.33 

MAIN 

b  a 

32 

on  3*  x.l.* 

MAIN 

f  5 

ZX (HI .FLOAT  1 II (HI  1/15.9906 

MAIN 

bb 

35 

ZY  (HI.  FLOAT IIYIH)  1/15.5906 

MAIN 

h  7 

IF(ZX<1). EO.ZXI21)  GO  TO  *0 

MAIN 

70 

9l..5*SOBT((Z*(ll-Zx(*ll**2*(ZY(ll-ZY(6n**?|.XM*r,(  [I 

MAIN 

fe5 

92..5*S0BT(  (ZX(2)-ZX(5I  l**2*(ZY(?l-ZY(5l  ).»2).XH»(.(I) 

MAIN 

70 

*3«.5#SQflT ((ZX(3)*ZX(»I)**2.(ZY(3)“ZY(*II**2I*XH*G(1I 

MAIN 

71 

PlX«<ZXUI.ZXI6II/2. 

MAIN 

72 

»lY«UY«li*2Y(*n/2. 

MAIN 

71 

7* 

P2x«(2x (3) »ZX(*> 1/2. 

MAIN 

74 

P?Y.(ZY(3I‘ZY(*I  1/2. 

MA  IN 

75 

P3X«(ZX(2I. 2X15)1/2. 

MAIN 

7* 

*Z(I.JI.(ZY(2|.ZY(5ll/2. 

CORRH 

P3Y«(ZY(2|.ZY(5)  1/2. 

main 

77 

«0 

Xmi»SORT ( (P1X-P3X1**2» (P1Y-P3YI**2)*XM*G( 1 1 

MAIN 

7*i 

xh?«SQRT ( (P3X-P2X).*2« (P3Y-P2YI .*2)*XM*G( I 1 

MAIN 

79 

P1Z.P1X 

MAIN 

NO 

P1X.P2X 

MAIN 

Ml 

GOTO  »S 

MAJN 

bi 

»** 

40 

P 1 X«Z  *  1 1 1 

MAIN 

m3 

45 

IF (L.EQ.2)  GOTO  5b 

MAIN 

"4 

:F(L.£Q.3>  GOTO  65 

MAIN 

N5 

IF ( IFILH.EU.2I  GO  TO  *7 

MAJN 

MM 

IF ( IFILH.FG.31  GO  TO  *9 

main 

<5  7 

or 

IF  (  IF  I LH.  EO  .*  1  GO  TO  *<J 

MAIN 

51 (ol*FOC051-lFl»-Pl*l**H»G(I) 

main 

-  - 

GO  TO  15 

MAIN 

9  0 

-  7 

SI  ( Jl .FOCUS  1- (F2*-P IX  I *X»AG  < I) 

MAIN 

91 

f-n  TO  15 

MAJN 

4? 

Qt 

4« 

SI (0) "FOCOSl. (F3X.P1XI «XH»G( 11 

MAIN 

93 

GO  TO  15 

-AIN 

94. 

*9 

SI  (JI*F0C0SIMF*A.P1XI*»H»G<I) 

“A  IN 

95 

15 

IF(ZX(1).E0.ZX(2)1  GO  TO  50 

-AIN 

9b 

n (ji«o 

MAJN 

97 

l  or 

GOTO  75 

-AIN 

WPG 

50 

LI  ( 0 1 ■ l 

•  u ;  n 

M  ~4 

GOTO  90 

MAJN 

ic  r 

55 

IF ( IF  ILH.EG.2I  GO  TO  57 

-  a  ;  \ 

;r-l 

I F  (  IF  1LH.EG.3I  GO  TO  59 

-  A  ' 

: .  a 

1  0«5 

IF  (  IF  IL“.EQ.*1  C-0  TO  5« 

MAIN 

k  C  3 

52 (Jl «F0CUS2-(F 1H-P1X 1 «XH»G( I  I 

MAJN 

1  0  «* 

GO  TO  16 

“MN 

1  ^ 

57 

SS(jI*F0CUS2-(F2E-hixi.ah»G(I> 

-AIN 

1  ON 

0.0  TO  16 

MAJN 

lu7 

1  1  0 

5* 

S?(JI*F0CUS2MF36*P1<|.XH#G(II 

MAJN 

1  0  ? 

GO  TO  16 

m  A  I  N 

1  0  9 

•55 

S?(0)»F0CLS2*IF»H.P1»).»HAG1 II 

MAIN 

1 1 

l* 

Yl(J|.(S2«j)-Sl(J))/ IFL4SH/-FLASH1 I 

M  A  I  N 

1  1 

IFlZX  111  .ER.ZXI2)  1  GO  TO  60 

MAJN 

1  c 

25 


1 1* 

L2( Jl»0 

-AIN 

1  1  3 

GOTO  76 

MAIN 

n* 

*0 

L?l Jl*l 

MAIN 

115 

GOTO  40 

MAIN 

11* 

bS 

IF (NFLA5H.EQ.2I  GOTO  80 

main 

117 

IPO 

IF  !  IF  ILF-.FQ.2J  GO  TO  87 

MA  IN 

118 

IF  ( IF  !LP. EQ. 3)  GO  TO  68 

MAIN 

1  19 

IF(!FIL**.EQ.*I  GO  TO  69 

MAIN 

UO 

S3( Jl •F0C0S3-(FIC-F1«)«XN*3(I) 

main 

121 

GO  TO  17 

MAIN 

122 

12* 

67 

S3(j)aFOCUS3-<F2C-PlXI *XH*G<  I) 

MAIN 

U3 

GO  TO  17 

MAIN 

6b 

S3<  J) «FOCUS3*  <F3C«P1X)«XH*G( II 

MAIN 

125 

GO  TO  IT 

►  AIN 

lit 

69 

S3<JlaFOCUS3«<F*C*PlXiaXNAGUI 

MAIN 

127 

130 

17 

V2(Jla(S3<J)-S2<JI  I/<FL4Sh3-El*SH21 

MAIN 

12* 

V3I  J|a(S3(J(-Sl  (d))/(F(.*SM3-FL*SHl) 

MAIN 

129 

IF ( IF ( 1 > .EO.ZX (?) )  GO  TO  70 

MA  If. 

130 

L3(J1«0 

MAIN 

131 

GOTO  76 

MAIN 

132 

13* 

70 

L3(JI»1 

MAIN 

133 

GOTO  40 

MAIN 

13- 

73 

VOL  < Jl «  VOL  <  J)  ‘  <PI«**l/3.«  (Hl««?.Bl»R2»P24»2)  ♦PI*XH2/3.»  ( i- 2 •  •  ^ • 

MAIN 

13$ 

1B1.R3»»2)  ) 

MAIN 

136 

“lxaPU 

MAIN 

137 

I** 

X  VOL  (  !•  Jl  a  PI»XJl/3.a  (Rlaa2fRl*B2«R2aa2l  »Jla»H?/3.»  1 H  •  k.  2*9  3  . 

MAIN 

13m 

lP?aa? 1 

main 

139 

X  VOL ( 1  *  J 1  a  XVOL(lfJI«.OPlaPHO 

-A  ]N 

XL ( Jl «XL( Jl *SOPT ( (PlX-P2X)»a2»(PlT-PaTI aa2l »XH«G 1  1  1 

MA  IN 

1-1 

OJA  4  J 1 *0 1 A ( J 1 ♦2.»R2 

MAIN 

1-2 

l-c 

80 

CONTINUE 

MAIN 

1-3 

IF(I.LT.NFLASH)  GOTO  1*9 

MAI  N 

1  4  4* 

IF (NFLxSM.EQ.2l  GOTO  H5 

MA  IN 

1-5 

IF (LI  ( Jl  .E0.1.8MD.L2 1 Jl .EQ.1.4N0.L3IJI fEQ.l  1  GO  T(  1*9 

MAIN 

1 

IF(L1  (Jl  .EQ.0.1N0.L2  ( J)  .£0.0.AnC.L3< J)  .EQ.OI  GO  TC  *C 

MA  IN 

1-7 

150 

IF(L2(J).tQ.l.»NO.L3(J).EQ.ll  GO  TO  95 

M  A  I  N 

1476 

IF(L1  (Jl  .F(i.1.xn0.L3<JI  .EO.l)  GO  TO  95 

MA  I  N 

1-9 

IFILIIJI. tO. l.ANP. L2Cjl.EQ.il  GO  TO  95 

MA  JN 

ISO 

IF(L2IJI .EC. O.XNO.L3IJI. EQ.OI  GO  TO  100 

MAIN 

151 

IF (LI (Jl .EQ.0.4Nr.L3(JI .EQ.OI  GO  TO  100 

MAIN 

U2 

1*5 

IF(L1 (Jl .EQ.0.XN0.L2I Jl .EQ.OI  uO  TO  ISO 

-A  IN 

153 

8b 

IF(L1(JI.E0.1.4NC.L2IJI.EQ.1I  GO  TO  1*4 

MAIN 

*$- 

IF(L1 (Jl .EQ.0.«N0.L2(JI .EQ.OI  GO  TO  100 

MA  I  N 

1  6$ 

IFILKJI.EQ.O. OP. L2(JI. EQ.OI  GO  TO  96 

►  A  I  N 

1  56 

90 

XMXSS ( J|aVOL(J|a.001/3.apMG 

MAIN 

b? 

i-0 

«L ( b 1 ■ XL ( Jl /3. 

MAIN 

15° 

0tA(jl»0I*CJI/3. 

••AIN 

1  “i  8 

uOTO  1*9 

MAIN 

1M 

9b 

x*fl  SS <  J  1 «VOL ( Jl •  # 00 l*WHO 

“AIN 

1  6  * 

GOTO  1*4 

M  A  I  N 

162 

1*5 

130 

«“»SS1 JI»VOL(JI*.001/2.»BMO 

MAIN 

bi 

XL (-> *XL ( Jl/2. 

MAIN 

1  ^4 

0  tl ( Jl «0 I* ( J) /2. 

MA  IN 

lbb 

1  *9 

CONTINUE 

MAIN 

1  b* 

ISO 

CONTINUE 

MA  IN 

1*7 

1  70 

i'O  170  N*  l  .  NPftMT 

MAIN 

b- 

IF (NFL4SM.EQ.2IP0T0  165 

MAIN 

i  -- 

26 


IT? 


180 


1*5 


l«0 


19? 


?"3 


=  0S 


210 


21s 


?2o 


VEL(M«tVl(N>.V2(N).V3<N))/3,».l 
GOTO  160 

155  VFl  (M*V1  (N|».  1 

loo  supl(N)6XL<ni«supl(n-1) 

SUHPAS(Ma*M»SS(N)  ♦SURPXS  1 N- 1 ) 

ELOO(6)»ALINI/OlA(M 

VfL(NI*V£LlN>610. 

*K£|N)a.5»*PASS(N)».0ai»<V£L<N)*1000.)»*2 
SUPXt IN) BAKE  INI «SUMKE (N-l ) 

PCNl<V£L(N»6«N»SStNI 
TOTE (NlaP IN) *TOTP (N-l  ) 

SUMO  I  * (61 a SUMO  I* (N-l I .01* (N) 

IF(N.E0.1)60TO  165 

6SEAE  INIaSURUN)/<VEL  ( 1  > -VCt.  (Ml  | 

GOTO  170 
165  HPEXKUlaO.O 

170  PRINT  171.  N.VEL (Nl ,SURL(NI ,8AE*F (N) 

1  7 1  FO»P*T<23x,I2.iox,F6.3.9*,F6.2.7X.F6.1l 
POINT  5? 

52  FO»N*T < IHI, 20X. ‘PARTICLE*. *X.‘vrL0CITYl‘,6X,‘VEL0riTY2‘, 6*. 

1 ‘VELOCITY 3  * ,/,22X.‘NUPRER'.3X,‘ < HP/HI  CHOSE C ) • • 2* • • i ppap ICRLSEC) • . 
22*. • (PP/MICPOSEC) ‘./) 

00  IT?  J«1,NPaST 

172  POINT  173,  J.Vl (J) ,V2< j| .V3(d) 

173  FOPPXT  <23X. I2.9X.F6.3,9X,E4.3<9X.F6.3| 

POINT  175 

its  foomatuhi.zox. ‘particle  length  dia.  l/o  pass  total  j 

1ET‘ ./.2?X« ‘NUMBER • ,5X. <  (PM) • ,*X, < (PM) • ,9X. •  (CHAPS) • .2*. ‘PASS  I  On APS 

2) • ./) 

DO  176  lal.NPApT 

176  POINT  ITT.  I .XL (I ) .01  A ( I ) ,£L00 ( I ) .APASS ( I ) .SUPPAS ( I ) 

177  FORMAT (23X, 12 .8X,E*.1.*X.F*.1«2X,E*.1.»X,E 5.2, SX.f 6.2) 

POINT  603 

e03  FOOpAT ( 1 h 1 • 20X . ‘P ARTICLE*  «AX, 'MAS SI* .OX, ‘PASS2* .0*. ‘PASS3 ' •/ ,22* , 

1 ‘NUPPEP*.*X,* (GPAMS) *,7X,* (GRAMS) *«7X, * (GPAPS) *,/) 

00  600  vlal.NPAOT 
Ial 

600  .PITE<6.60?>  (J.XVULl  I • J )  , X  VOL ( 1*1 .J) . X  VOL  1 1 ♦ 2 . J )  ) 

602  EOPPAT(23X,I2.fc«,fB.»,6X,F8.*.6*.FB.*> 

PPINT  180 

180  FOPPATUH1. 20*. ‘PARTICLE  K.E.  total  JET  IISTANCt  Fplp  Ch 
1  apse  GaSE ' ,/,??*« ■ NUMBER ' ,*X. ' ( jCULES  > ' .3*. *KE (JOULES) ' .2*. ‘FLAS* 
?1 • ,2X‘ ‘FLASH  ?‘.2X, ‘FLASH  3‘./) 

00  181  I«1 .NPAHT 

1S1  pP  t  NT  182.  I.XHE ( II .SUPKE (II .SI (I) ,S2(I ) .S3(I) 

1 02  FORMAT (23X, I2.7X,F8.0.**.F8.0,»X,F5.0.**.FA.O.»*.fK.C) 

POINT  183 

163  FhomaT ( ini ,20X . 'PAHTIClE ' .»* . 'pOpEnTUh' ,4* • ‘TOTAL  xfcT • ./ .*?», ‘NUPH 
1  Eo ■ . 4*  « ‘ (KG--/SEC) ' ,3X, 'MOMENTUM' ./) 

OO  185  Ial, NPAHT 
165  PPINT  18a.I.P(I),T0TP(I) 

18*  Format (?3X, I2.PX.F6.2.7X.F6.2) 

POINT  33 

33  foopaTumi, 21X,‘ particle*. 8x.‘0EVIancE  four  path  imp)'./. 23*. 

I •NUMBER <,6X. ‘FLASH  1  FLASH  2  FLASH  3'./) 

CO  800  JJJal, NPAHT 

•OITE  (6.361  JJJ.A2(1.JJJ) . A  Z ( 2 . j j J ) ,AZ (3.JJJ) 


MAIN 

170 

HA  (N 

171 

main 

172 

vain 

173 

VAIN 

17* 

HAIN 

175 

VAIN 

176 

VAIN 

177 

►  A  |N 

178 

VAIN 

179 

majn 

160 

VAIN 

181 

MAJN 

182 

MAIN 

1H3 

PAIN 

16* 

pain 

IPS 

VAIN 

166 

CORN* 

4 

PA  IN 

1*6 

CORRA 

5 

COBRA 

6 

CORRA 

T 

VAIN 

190 

VAIN 

1«1 

COBRA 

H 

VAIN 

193 

VAIN 

19* 

CO  VP  A 

s» 

COPMA 

10 

VAIN 

197 

MAIN 

198 

COMMA 

1 1 

main 

*00 

CORRA 

i? 

CORRA 

13 

MAIN 

202 

COMPA 

u 

Clara 

15 

COPRA 

IS 

RAIN 

*06 

VAIN 

207 

COPRA 

IT 

COMMA 

IF 

va  r  N 

*10 

MAIN 

211 

COMMA 

19 

VA  JN 

*1.1 

CORrA 

^0 

COMMA 

*1 

V A  IN 

*16 

main 

217 

CCPMA 

22 

COPPb 

3 

CGMP0 

4 

CC  PMH 

s 

C0M?.p 

6 

CvyMfcr- 

7 

27 


3b 

F0PhaT(24X, I2,«X.Fb.3.3X,FS.3,3X.Fa.3t 

COKHft 

M 

4  0  0 

CONTINUE 

COBflH 

* 

DO  192  Ns2.NPAPT 

MAIN 

21« 

$UHLiN(N)sSUNLEN(N-l)«XL(N| 

MAIN 

220 

*0IA(N)«X0IA(N-1) •OIA(N) 

MAIN 

221 

IF(N.E8.2I  GO  TO  191 

MAIN 

222 

OSLV<NI«m<N-l>-VEUNI 

MAIN 

223 

GO  TO  192 

MAIN 

224 

m 

0ELV<N)«VEL( 11 -WELCH) 

MAIN 

22* 

1«2 

SrELV<N)aSOELV(N-llAOfLV<N) 

MAIN 

22b 

OO  195  Ja3.NPAPT 

MAIN 

td 

1*5 

SuhOEL ( J) *0£LV( J>  »SU»OEL ( J-l) 

MAIN 

?  28 

AVL1«SUML (NP APT) /FLOAT (NPAPT1 

MAIN 

22* 

avl2«SUHL£N<NPA«T) /FLOAT (NPAHT-1 ) 

MAIN 

230 

AV01«SU»OIA(NPAFT)/FLOAT(NPAMT> 

MAIN 

231 

AV02»X0IA (NPAPT) /FLOAT (NP APT- 1 ) 

MAIN 

232 

ADELV1*S0ELV (NHANT ) /FLOAT (NPAPT-1 ) 

MAIN 

233 

ADF LV2»SUH0EL (NPAWTI/FLOAT (NPAPT-21 

MAIN 

234 

PRINT  200.  AVL1.AVL2.AVU1.AV02.A0ELV1.A0ELV? 

MAIN 

235 

200 

FOPHATIlhl, /////. *7X,t»ITH  JET  TIP  »/0  T IP • . /. ?0X . • AVEWAuE  Pfc"T 

MAIN 

23* 

1ICLE  LENGTH1 •7X*Ffe«2t7XtFft.2t/i£0Jl*,*VEHAGE  PXPTICIE  D  I XHE  TEH  •  •  6A  , 

MAIN 

237 

2F5.2,ax,F5.2./.20X. 'XVEPXGE  CHANGE  IN  VELOC I  TV  •  .  (.»  .  Fa  .2 . 9»  ,  F* .  2 ) 

MAIN 

23* 

PPINT  505 

MAIN 

23* 

NPA>2 

COMMA 

23 

NN*  1 

COMMA 

2a 

IC«0 

COMMA 

25 

CALL  POLTLS (VEL.S1 .NPAST.AA.NftA.NN.ee. HP. AF.E«H5.t I  fa, TT.ltT. I C  > 

COMMA 

2* 

.BITE(G.Al)  CCIII 

COMMA 

27 

♦1 

F0OHATI20X.*  VIPTUAL  OPIGIN  FOP  FLASH  1»>.F12.S) 

COMMA 

2t» 

Call  POLTLSI VEL.S2. Np APT. AA, NPA.NN.CC. P». AF .EPHS.SIo.TT.CET.IC) 

COMMA 

2* 

»WITE(6.*?)  CC(1) 

COMMA 

30 

*2 

fobhat(2ox,<  virtual  origin  fop  flash  2«».fi?.g) 

COMMA 

31 

IF(L.LT.3)  GO  TO  515 

COMMA 

32 

Call  POL YLS ( vel • S3. np APT. aa, NHA.NN.CC. bp. aF.EPhS. 5 Hi.TT.DET. IC) 

COMMA 

33 

«PITE(b.*3l  CCIII 

COMMA 

3a 

*3 

FORMAT ( 20  X  « ,  VIRTUAL  OPIGIN  FO«  FLASH  3»>,Fl?.b) 

COMMA 

35 

515 

CONTINUE 

comma 

34 

505 

FORMAT  C  1 H*  1  | 

MAIN 

2  aO 

00  510  JN*  l.NPAPT 

MAIN 

2  a  1 

VOL  I JN I.Q, 

MAIN 

2a2 

«L  I  JN) »0. 

MAIN 

2-3 

5  10 

0 1 A  1 JN ) ■ 0 . 

MAIN 

2  A  <9 

5  00 

CONTINUE 

MAIN 

2a5 

STOP 

MAIN 

2Afe 

END 

MAIN 

2a7 

APPENDIX  D 


ALPHABETICAL  LISTING  OF  PROGRAM  VARIABLE  NAMES 


ADhLVl :  Average  change  in  velocity  between  particles. 

ADELV2 :  Average  change  in  velocity  between  particles,  excluding  th 

jet  tip. 

AVD1:  Average  diameter  of  all  particles. 

AVD2:  Average  diameter  of  particles,  excluding  the  jet  tip. 

BREAK :  Break-up  time. 

DELVA:  Change  in  velocity  between  particles. 

DIA:  Diameter  of  a  particle. 

ELOD:  Length-to-diameter  ratio  of  a  particle. 

LI,  L2,  L3:  Flags  for  flashes  1,2  and  3  used  for  determining  the 
average  length,  diameter  and  mass  of  a  particle. 

P:  Momentum  of  a  particle. 

PIX,  P2X,  P3X:  Computed  x  coordinates  of  points  between  p^  and  pfa, 

p,  and  p^,  and  p7  and  p^,  respectively. 

PIY,  P2Y,  P3Y:  Computed  y  coordinates  of  points  between  p^  and  pfe,  p. 

and  p  and  p2  and  p5,  respectively. 

R1 :  Radius  of  the  front  end  of  a  particle. 

R2 :  Radius  of  the  mid-section  of  a  particle. 

R3:  Radius  of  the  back  end  of  a  particle. 

SI:  Computed  distance  from  the  shaped-charge  liner  base  to  the 

back  end  of  a  particle  for  the  first  flash. 

S2:  Computed  distance  from  the  shaped-charge  liner  base  to  the 

back  end  of  a  particle  for  the  second  flash. 

S3:  Computed  distance  from  the  shaped-charge  liner  base  to  the 

back  end  of  a  particle  for  the  third  flash. 

Summation  of  the  changes  in  velocities  between  particles, 
used  in  the  calculation  of  average  change  in  velocity. 


SDELV : 


SUMDEL: 

SUMDIA: 

SUMKE : 
SUML: 
SUMLEN : 
SUMMAS: 
TOTP : 
VI: 

M2 : 

V3: 

VEL: 
VOL: 
XDIA: 
XH1 : 

XH2 : 

XKE : 

XL: 

XMASS: 
XVOL : 
ZX: 

ZY: 


Summation  of  the  changes  in  velocities  between  particles 
excluding  the  jet  tip. 

Summation  of  the  diameters  of  all  particles,  used  to 
compute  average  diameter. 

Summation  of  all  particle  kinetic  energies. 

Summation  of  the  lengths  of  all  particles. 

Summation  of  the  lengths  of  particles  excluding  the  jet  tip 

Summation  of  the  masses  of  all  particles. 

Summation  of  the  momentums  of  all  particles. 

Velocity  computed  between  the  first  and  second  flashes. 

Velocity  computed  between  the  second  and  third  flashes. 

Velocity  computed  between  the  first  and  third  flashes. 

Average  velocity  of  VI,  V2  and  V3. 

Summation  of  the  volumes  of  a  particle  over  all  flashes. 
Summation  of  all  particle  diameters  excluding  the  jet  tip. 
Height  of  the  truncated  cone  on  the  front  end  of  a  particle 
Height  of  the  truncated  cone  on  the  back  end  of  a  particle. 
Kinetic  energy  of  a  particle. 

Length  of  a  particle  averaged  over  all  flashes. 

Mass  of  a  particle  averaged  over  all  flashes. 

Mass  of  a  particle  for  a  particular  flash. 

X  coordinate  converted  from  data  units/inch  to  millimeters. 
Y  coordinates  converted  from  data  units/inch  to  millimeters 


APPENDIX  [•: 

OUTPUT  FROM  A  SAMPLE  RUN 


ROUND  NUMBER  2?03 
LINER  DENSITY (GM/CC) -  8.9 

MAGNIFICATION  FACTOR-  .92000  .92000  .92 

OISTANCF  FROM  LINER  BASE  TO  FOCAL  POINT (MR) 
FLASH  1-  914.4 

FLASH  2-  914.4 

FLASH  3-  914.4 

DELAY  TIMES  (MICROSEC) 

FLASH  1-  161.9 

FLASH  2-  183.1 

FLASH  3-  202.9 


» 


V 


6A8TICI  K 

AVG.  VELOCITY 

TOTAL  Jt.  T 

6  6  ?  (>  K  - 1 

(mm/mIC&OSEC) 

LLNGTh ( 6  M ) 

1 

7.741 

30. V3 

o.o 

2 

7.54V 

42.00 

216.0 

3 

7.476 

54.87 

207.1 

4 

7.371 

77.96 

210.4 

s 

7.123 

87.66 

141.9 

6 

7.046 

97.7V 

14  0.7 

7 

6.  VI* 

107.25 

13  0.2 

6 

6 ,890 

110.b2 

131  .  f 

9 

6 ,663 

116.90 

13  3.  ? 

1  0 

6.77b 

131.93 

136.6 

1 1 

6.625 

144.04 

129.0 

1? 

6.614 

149.66 

132.7 

13 

6.501 

163.09 

131 

U 

6.323 

178.66 

126.1 

15 

6.2V1 

164.00 

126.9 

lb 

6.166 

186.02 

121.0 

17 

6.163 

193.36 

1  ??.u 

16 

6.124 

201 .86 

124.6 

IV 

6.951 

214.26 

114.7 

?0 

5.8«P 

2  ?  6  •  2  6 

1  22  .  r 

21 

6.772 

2  4  A  .  7  4 

12  3.  f 

2  2 

6.613 

2  <■'2.23 

12  3.2 

23 

5.43? 

276.1  1 

1  2  0-  .  1 

24 

5.2«9 

2  6  8 . 0  3 

117.2 

?5 

6.247 

?Vrt.b4 

1)9.7 

2b 

6. 16,0 

310.01 

12  0.9 

27 

5.075 

321.11 

26 

4  ,  V44 

331 .04 

119.4 

2  V 

4.84? 

3s0 . 7  3 

121.0 

JO 

4.674 

366.6m 

1  2  U  .  f 

31 

4.566 

376.61 

119.4 

32 

4.601 

394 .92 

J  ^  1 . 

3  3 

4,4  14 

407.47 

1  >'.2,' 

34 

4.213 

4  3  0. 3  3 

i  t  2  , 

JS 

4.0P« 

441.64 

JM 

4 . 0  4  6 

464.14 

1  2?.' 

3  7 

3.673 

473.40 

1  2?  .  < 

3  m 

3.6?v 

4  94 . 02 

i  -  i  .  , 

3  4 

3.464 

510.64 

1  2  2 , 1 

«0 

3.3.33 

636.79 

J  2  2  . : 

“1 

3.177 

964.7m 

1  2  1  .  M 

“2 

3.066 

674.3? 

12  2.9 

4  3 

2.82? 

696.34 

1  2  1  .  . 

3<> 


J 


pakticlf 

VELOCITY  1 

VELOC1TY2 

VELOCITY3 

MJH8FR 

<mi*/micwosfc> 

(M8/8ICR0SEC) 

(6M/wiOOSfcC  1 

1 

7.773 

7.709 

7.74  2 

2 

7.573 

7.525 

7.560 

3 

7.463 

7.469 

7.47ft 

4 

7,56ft 

7.150 

7.376 

5 

7.244 

6,999 

7.126 

b 

7.163 

6.926 

7.049 

7 

7.048 

6.785 

6.921 

8 

7.009 

6.786 

6.901 

V 

6.967 

6.737 

6,868 

10 

6  •  686 

6.664 

6.779 

11 

6.728 

6.619 

6.627 

1? 

6.580 

6.649 

6. H3 

13 

6.556 

6.445 

6.502 

14 

6.370 

6.275 

6.324 

15 

6.325 

6.256 

6.292 

16 

6.239 

ft. 135 

6.169 

17 

6.206 

6.119 

6.164 

18 

6.176 

6.068 

6.  129 

19 

6.014 

5.888 

5 . 5*-  3 

20 

5.950 

5.846 

6.900 

21 

6.840 

6.692 

5.774 

22 

6.699 

5.524 

9.6  15 

2  3 

6.53? 

6.330 

9.436 

24 

6.36? 

6.226 

9.257 

26 

5.307 

9.186 

9  .  ,-4  9 

2fc 

6,?27 

6.106 

9.170 

27 

6.123 

5.026 

9.076 

28 

5.020 

4.867 

4  .^**6 

29 

6 . 6?3 

3.839 

4.1  (  9 

JO 

4.797 

4.546 

4.677 

31 

4.694 

4.479 

4.«-W 

32 

4.621 

4.376 

4.60  3 

33 

4.609 

4.317 

4 . 4  1  6 

3^ 

4.330 

4.093 

4.216 

35 

4  .  ?  0  9 

3.964 

4  .(.9(1 

3fo 

4.179 

3.915 

4,114“ 

37 

3.979 

3.776 

3.661 

3  « 

3.787 

3.466 

3  .  t  1-  3 

39 

3.699 

3.406 

3 . 5  L  4 

40 

3.467 

3.206 

3 

41 

3.309 

3.046 

160 

42 

3  .  ?53 

2.87b 

3  .  C  7  1 

43 

?  .  9  5  3 

2.666 

2.629 

37 


PAkTIClE 

LENGTH 

DIA. 

L/D 

MASS 

TOTAL  Jfc  7 

NUMPEP 

<MM> 

<MM) 

(GPA6S ) 

MASS (CLAMS ) 

1 

30.9 

4.8 

6.4 

3.70 

3.7  0 

2 

11.1 

2.5 

4.4 

.29 

3.99 

3 

12.9 

2.9 

4.5 

.41 

4,40 

4 

23.1 

2.8 

8.3 

.73 

t.  14 

s 

9.7 

2.9 

3.4 

.30 

6.44 

6 

10.1 

2.7 

3.7 

.31 

6.75 

7 

9.5 

2.3 

4.1 

.23 

t.97 

H 

3.6 

2.0 

1  .H 

.07 

6  .  (14 

9 

6.1 

2.4 

2.6 

.14 

6.18 

10 

15.0 

2.6 

5.6 

•  46 

6.66 

11 

12.1 

2.4 

5.0 

.30 

6.97 

12 

5.6 

2.5 

2.2 

.15 

7.1? 

13 

13.5 

2.9 

4.7 

.42 

7.64 

14 

15. 8 

2.5 

6,3 

.43 

7.97 

16 

5.1 

2.2 

2.3 

.11 

6.0  7 

16 

4.0 

2.1 

1  .9 

.07 

6.14 

17 

5.3 

2.5 

2.1 

.13 

6.2  6 

in 

6.5 

?.b 

3.1 

.26 

8.9? 

19 

12.4 

2. to 

4.4 

.40 

6.9  3 

20 

12.0 

2.3 

5.3 

.27 

9.19 

21 

17.6 

2.3 

7.7 

.4? 

9.6] 

22 

1  H  .  6 

2.6 

7.1 

.60 

10.10 

23 

16.9 

2.6 

6.0 

.44 

10.66 

24 

9.9 

2. to 

3.6 

.3  1 

1  0 ,06 

26 

10.6 

2.7 

3.9 

.31 

11.17 

2b 

11.6 

2.6 

4.9 

.31 

1  1  .46 

2  7 

11.1 

3.0 

3.7 

.39 

11.66 

2a 

9.9 

2.9 

3.6 

.32 

1  2 .60 

29 

19.7 

2.9 

6.9 

.66 

1  2  .07 

30 

17.6 

2.6 

6.3 

1  - .  4  2 

31 

6.1 

2.9 

2.6 

.26 

13,66 

32 

16.3 

2.6 

7.0 

.M 

14.17 

J3 

12.6 

3,1 

4 . 0 

,  **  7 

1  4  •  6<» 

34 

22.9 

2.6 

H.  1 

.73 

1 1  .37 

3b 

1  1  .6 

2.9 

4.0 

.39 

1  u  .  7*- 

Jh 

12.3 

3.2 

3.9 

.46 

16.  ?2 

37 

19.3 

3.0 

6.4 

.78 

1  7.00 

3h 

20.b 

3.6 

9,6 

.96 

1  7 .9f 

39 

16.  h 

3.0 

5.6 

•  6  6 

1  6 , 6  1 

4  0 

27.9 

3.5 

P  .0 

1.49 

?<  .  11 

41 

1  6 . 0 

3.6 

4.6 

.73 

»i  ,6<. 

4? 

19.6 

4.0 

4.9 

1.10 

2  1 . 94 

43 

21 .0 

3.9 

6.3 

1.24 

23.3  8 

38 


HAKTICLf 

NUM0ER 


MASS  1 
(GRAMS) 


MASS? 

(GRAMS) 


MSS  3 
(GRAMS ) 


1 

3.2790 

3.7919 

2 

.2431 

.3146 

3 

.3305 

.5462 

4 

.7037 

0.0000 

5 

.25R4 

.3559 

6 

.2835 

.3017 

7 

.1980 

.2552 

H 

.0653 

.0600 

9 

.1137 

.1287 

10 

.4704 

.4470 

11 

.  ?633 

.3399 

12 

.1232 

.1771 

13 

.3949 

.4784 

14 

.4385 

.4003 

IS 

.0947 

.0979 

lt> 

.0725 

.0615 

17 

.0923 

.1691 

18 

.2072 

,3005 

19 

.2944 

.5067 

20 

.2320 

.3066 

21 

.?U49 

.4622 

22 

•  4e'70 

,  46  64 

?3 

.4447 

.3612 

24 

.3100 

.3123 

2b 

.  ?b6b 

.309* 

26 

.3022 

.3063 

27 

.4153 

.3907 

2  H 

.3499 

.3316 

29 

.6936 

0.0000 

30 

.6149 

,54?7 

31 

.3094 

.1663 

3? 

.7093 

.356? 

33 

.4304 

.5044 

34 

.7279 

.6439 

36 

.  3445 

.36  30 

3b 

,473b 

.500  1 

37 

.9466 

.6912 

3rt 

1.2210 

.9140 

3w 

.6911 

.4627 

40 

1.6669 

1  .64*3 

41 

.7484 

,675b 

4? 

1.2269 

1.1217 

43 

1 .3572 

1.1645 

4. 0380 
.3044 
.3644 
.7667 
.2993 
.344? 
.2219 
.0604 
.1890 

•  5257 
.3070 

0.0000 
.3792 
.4610 
.1233 
.0744 
.1431 
.2321 
.41  OR 
.2623 
.4699 
.543? 
.5205 
.<067 
.3429 
.334  0 
.  37^  T 
.?92  4 
.6331 
.  49?7 

•  ?46S 
,4S«4 

0 . 0  0  0  0 

•  M  .<  (*  s 
,4(H>- 
.  3  **  4  r' 
.7131 
.  7421 
.  9?2'1 

J  .  1  ^7 

•  7  6  0  j 

.  9om(I 

1.160m 


PAWTICLF 

MOMENTUM 

TOTAL  JET 

NUMBER 

(KG-M/SfC) 

MOMENTUM 

1 

2P.67 

28. 67 

2 

2.17 

30.83 

3 

3.09 

33.93 

4 

5.39 

39.32 

5 

2.17 

41.49 

6 

2. IP 

43.67 

7 

1.5b 

45.23 

a 

.45 

45 .68 

9 

.99 

46.66 

10 

3.2b 

49.92 

11 

2.01 

51.93 

12 

.99 

52.92 

13 

2.71 

55  •  64 

14 

2.7? 

56.36 

15 

.  b  b 

59.02 

lb 

.43 

59.45 

17 

•  83 

60.28 

lb 

1.51 

61.7v 

19 

2.40 

64.20 

20 

1.57 

65.77 

21 

2.40 

66.17 

2? 

2.7b 

70.96 

23 

?  •  4  0 

7"".  16 

24 

1  .64 

74  .W 

25 

1  ,b4 

76.64 

2b 

1  .62 

78.26 

27 

2.00 

80.2b 

26 

1  .61 

xi 

X 

• 

X 

25 

3.21 

86.06 

30 

?  .57 

8  7.66 

31 

1.14 

66.7V 

32 

?.?5 

91.07 

33 

2.0b 

53.13 

34 

3.09 

96.?3 

35 

1  .58 

97.61 

3b 

1  .b4 

99.66 

37 

3.04 

102.69 

3b 

3  «  4  M 

106.  17 

39 

2.33 

1  OP. 60 

4  0 

4.97 

1 13.4b 

41 

? .  33 

116.61 

42 

3.38 

119.1V 

43 

3.50 

122. fcV 

41 


-I.  ...» 


WITH  JET  Til-  W/0  T  1  ^ 

A VERAGE  PARTICLE  LENGTH  (mm)  13. @5  13. 4* 
AVERAGE  PARTICLE  DIAHETEW  (mm)  2.B 4  ?.7<* 
AVERAGE  CHANGE  IN  VEL0ClTY(nm/ysec)»12  .1? 


42 


VIRTUAL  ORIGIN  RON  FLASH  1«  MM 
VIRTUAL  ORIGIN  FOR  FLASH  ?=  -Hl.nJ7*H  MM 
VIRTUAL  ORIGIN  FOR  FLASH  3*  -HS.feyh^Rb  MM 


43 


DISTRIBUTION  LIST 


of  No.  of 

5  Organization  Copies  Organization 


Commander 

Defense  Technical  Info  Center 
ATTN:  DDC-DDA 
Cameron  Station 
Alexandria,  VA  22314 

Commander 

US  Army  Materiel  Development 
and  Readiness  Command 
ATTN:  DRCDMD-ST 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

Commander 

US  Army  Armament  Research 
and  Development  Command 
ATTN:  DRDAR-TSS  (2  cys ) 
Dover,  NJ  07801 

Commander 

US  Army  Armament  Materiel 
Readiness  Command 
ATTN:  DRSAR-LEP-L,  Tech  Lib 
Rock  Island,  IL  61299 

Director 

US  Army  ARRADCOM 
Benet  Weapons  Laboratory 
ATTN:  DRDAR- LCB-TL 
Watervliet,  NY  12189 

Commander 

US  Army  Aviation  Research 
and  Development  Command 
ATTN:  DRSAV-E 
P.  0.  Box  209 
St.  Louis,  M0  61366 

Director 

US  Army  Air  Mobility  Research 
and  Development  Laboratory 
Ames  Research  Center 
Moffett  Field,  CA  94035 


1  Commander 

US  Army  Communications  Rsch 
and  Development  Command 
ATTN:  DRDCO-PPA-SA 
Fort  Monmouth,  N.i  07703 

1  Commander 

US  Army  Electronics  Research 
and  Development  Command 
Technical  Support  Activity 
ATTN:  DELSD-L 
Fort  Monmouth,  NJ  07703 

2  Commander 

US  Army  Missile  Command 
ATTN:  DRSMI-R 

DRSMI-YDL 

Redstone  Arsenal,  AL  35809 
1  Commander 

US  Army  Tank  Automotive  Rsch 
and  Development  Command 
ATTN:  DRDTA-UL 
Warren,  Ml  48090 

1  Director 

US  Army  TRADOC  Systems 
Analysis  Act ivi ty 
ATTN:  ATAA-SL,  Tech  Lib 
White  Sands  Missile  Range 
NM  88002 

1  AFELM,  The  Rand  Corporation 
ATTN:  Library-0 

1700  Main  Street 
Santa  Monica,  CA  90406 

Aberdeen  Proving  Ground 
Dir,  USAMSAA 
ATTN:  DRXSY-1) 

DRXSY-MP,  H.  Cohen 
Cdr ,  USATECOM 

ATTN:  DRSTF.-TO-F 
Dir,  USA  CSL 

Bldg.  F.35 1 6  ,  FA 
ATTN:  DRDAR-CLB-PA 


USER  EVALUATION  OP  REPORT 


Please  take  a  Pew  minutes  to  answer  the  questions  below;  tear  out 
this  sheet,  fold  as  indicated,  staple  or  tape  closed,  and  place 
in  the  mail.  Your  comments  will  provide  us  with  information  for 
improving  future  reports. 

1 .  BRL  Report  Number _ 

2.  Does  this  report  satisfy  a  need?  (Comment  on  purpose,  related 
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